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© Optical disc record/playback apparatus. 



© An optical disc record and playback apparatus in 
which laser light is focused to a small spot on an 
optical disc for the purpose of recording and re- 
producing signals encoded thereon is adapted so 
that it is possible to record and playback erasable 
discs, as well as write-once discs. 

When a disc is first inserted into the record and 
playback apparatus, data written on a control track of 
the disc is read to identify the disc type, i.e. whether 
the disc is erasable or a write-once disc. Optimum 
recording and playback parameters are then set 
depending upon the type of disc, thus providing for 
stable recording and playback of optical discs of 
different types in a single record and playback ap- 
paratus. 

An optical disc for use in the apparatus has data 
^ representative of the optical sensitivity of the disc 
fx, recorded thereon during manufacture. The data is 
^1 read by the record and playback apparatus and used 
^ to adjust the optical power during recording of in- 
O) formation so as to compensate for differences in the 
2 optical sensitiviti s of different discs which may re- 
™ suit during manufacture. 




BNSOOCID: <EP 0469727A1 J_> 



Rank Xerox (UK) Business Services 



1 



EP 0 469 727 A1 



2 



The present invention relates to an optical disc 
record and playback apparatus in which laser light 
is focused on a small spot in order to record 
information on and thereafter reproduce or erase 
that information from an optical disc. The present 
invention is particularly directed to a record and 
playback apparatus in which it is possible to 
record, erase and play back information on eras- 
able type discs and record and playback informa- 
tion on write-once type discs. 

In the prior art, it is known to record and 
playback signals representing high density informa- 
tion by focusing laser light to a small spot on the 
surface of an optical disc. As an example of an 
ordinary optical disc record and playback appara- 
tus, reference is made to U.S. Patent No. 
4,426,693. A prior art optical disc is enclosed in 
Patent No. U.S. 4,624,914. These prior art patents 
disclose write-once optical discs, and a record and 
playback apparatus for use with such write-once 
type optical discs. A write-once type disc, as the 
name implies, is a disc which allows information to 
be written only once on a track thereof, although 
the information may thereafter be repeatedly read. 

In recent years, there have also been proposed 
erasable type optical discs which permit informa- 
tion to be repeatedly written and erased on the 
same tracks. References describing erasable discs 
include "Million Cycle Overwritable Phase Change 
Optical Disk Media", SPIE Optical Data Storage 
Technical Digest Series, Volume 1, p. 14 TU A4-1 
(1989) and W ln-Se Based Phase Change Reversible 
Optical Recording Film", SPIE Proc. 695, p. 105 
(1986). 

Since write-once discs and erasable discs 
record and reproduce signals on a thin film record- 
ing layer by use of focused laser light, their record- 
ing and playback principles are very similar. How- 
ever, prior art record and playback systems de- 
signed for use with write-once discs cannot be 
used with erasable discs. 

It is an object of the present invention to pro- 
vide an optical disc record and playback apparatus 
which may be used with both write-once discs and 
erasable discs. 

It is a further object of the present invention to 
provide an optical disc record and playback ap- 
paratus having a laser power control circuit in 
which the operating parameters for a laser utilized 
therein are automatically set for the particular disc 
type. 

It is another object of the present invention to 
provide an optical disc record and playback ap- 
paratus which includes a playback signal process- 
ing circuit in which the playback parameters for the 
apparatus are automatically set in accordance with 
the disc type inserted therein. 

It is still another object of the present invention 



to provide an optical disc record and playback 
apparatus which includes a servo circuit having 
operating parameters which are automatically set in 
accordance with the disc type inserted therein. 
5 Still another object of the present invention is 

to provide an optical disc record and playback 
apparatus in which a data format is automatically 
set in accordance with the disc type inserted there- 
in. 

10 Yet another object of the present invention is to 

provide an optical disc in which data corresponding 
to the optical sensitivity of said disc is recorded 
thereon during manufacture. 

Another object of the present invention is to 

75 provide an optical disc record and playback ap- 
paratus in which the data corresponding to the 
optical sensitivity of the disc which is prerecorded 
thereon during manufacture is used to adjust the 
optical power during recording of information on 

20 the disc. 

In the optical disc record and playback appara- 
tus constructed in accordance with the present 
invention, data written on a control track of the disc 
is first read. This data provides information as to 

25 whether the disc is an erasable type or a write- 
once type. Appropriate recording and playback 
conditions are then automatically set in accor- 
dance with the disc type. 

More specifically, in the optical disc record and 

30 playback apparatus of the present invention, a con- 
trol track is read to determine the type of disc 
which has been inserted therein, and recording and 
playback conditions appropriate to either an eras- 
able type disc or a write-once type disc are set for 

35 a laser power control circuit, a playback signal 
processing circuit, a servo circuit, a data format, 
and a drive controller. Recording and playback 
may therefore be accomplished in the same ap- 
paratus with optical discs of different types. 

40 In accordance with the present invention, an 

apparatus which utilizes a laser for optically record- 
ing, erasing and playing back information encoded 
on a disc which is either an erasable type disc or a 
write-once type disc is provided in which the op- 

45 erating parameters of the apparatus are set in 
accordance with the particular disc type. The ap- 
paratus comprises means for identifying disc type 
inserted therein, means for changing the operating 
parameters of the laser in accordance with the 

so identified disc type, means for setting the playback 
parameters of the apparatus in accordance with the 
disc type inserted therein, means for providing 
focusing and tracking control of the laser with re- 
spect with the disc, in which the control parameters 

55 are set in accordance with the identified disc type, 
means for setting the format of the information 
encoded on the disc in accordance with the iden- 
tified disc type, and means for selecting and set- 
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ting the operating modes of the apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature, fea- 
tures and advantages of the present invention, ref- 
erence should be made to the following detailed 
description of the various preferred, but nonethe- 
less illustrative embodiments of the invention as 
illustrated by and taken in conjunction with the 
accompanying drawings wherein: 

FIG. 1 is a block diagram of an optical disc 
record and playback apparatus in accordance 
with the present invention. 

FIG. 2 is a view of an optical disc, showing a 
cross sectional portion thereof in enlarged detail. 
FIG. 3 is a diagram showing how different re- 
gions of the disc are allocated in an optical disc 
used in accordance with the present invention. 
FIG. 4 is a schematic drawing of a control track 
format. 

FIG. 5 shows the recording conditions for an 
erasable type disc, wherein FIG. 5(a) shows an 
optically modulated laser power waveform, FIG. 
5(b) shows a schematic drawing of a track prior 
to recording, FIG. 5(c) is a schematic drawing of 
the track after recording, and FIG. 5(d) is a 
playback signal waveform. 
FIG. 6 shows recording conditions for a write- 
once type disc wherein FIG. 6(a) shows an 
optically modulated laser power waveform, FIG. 
6(b) is a schematic drawing of a track prior to 
recording, FIG. 6(c) is a schematic drawing of 
the track after recording, and FIG. 6(d) is a 
playback signal waveform. 
FIG. 7 is a block diagram of a laser power 
control circuit. 

FIG. 8 is a block diagram of a playback signal 
processing circuit. 

FIG. 9 is a block diagram of a servo circuit. 
FIG. 10 illustrates the data format of a write- 
once type disc wherein FIG. 10(a) is a sche- 
matic drawing of the data format, and FIG. 10 
(b) illustrates the resync gate signal. 
FIG. 11 illustrates the data format of an erasable 
type disc wherein FIG. 11(a) is a schematic 
drawing of the data format and FIG. 11(b) illus- 
trates the resync gate signal. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a circuit block diagram of one 
embodiment of an optical disc record and playback 
apparatus in accordance with the present invention. 
With reference to FIG. 1, the procedure for record- 
ing data on a disc is first described. Data prepared 
by a host computer 1, represented as write data 
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WTDT1, is sent to a drive controller 2. After the 
data is modulated and coded for error correction, it 
becomes data WTDT2 and is sent to a laser power 
control circuit 3, which converts the data WTDT2 

5 into a signal WTDT3 for optical modulation of a 
laser diode 4. Signal WTDT3 is then recorded on 
an optical disc 6 through an optical head 5. The 
disc 6 may be an erasable type disc or a write- 
once type disc, and is rotated, for example, at 1800 

io rpm by means of a disc motor 7. 

To read the data from the disc, the laser light 
output from laser diode 4 reflected from the disc 6 
passes through the optical head 5 and is received 
by an optical detector 8. The output of the optical 

75 detector 8 passes through a head amplifier 9 and is 
divided into a playback signal RDDT1, a focus 
signal F for controlling a focus servo and a tracking 
signal T for controlling a tracking servo. The 
playback signal RDDT 1 is converted into binary 

20 values by an analog signal processor 10, thereby 
becoming read data RDDT 2, which is sent to the 
drive controller 2. In the drive controller 2, the read \ 
data RDDT2 is demodulated and error-corrected to 
become read data RDDT 3. This signal is then sent 

25 to the host computer 1, which reads the data. 

The focus signal F is converted in focus error 
pre-amplifier 1 1 to a focus error signal FE which is 
applied to an actuator 13 through a focus servo 
circuit 12, for the purpose of maintaining proper- 

30 focus of the laser light on the optical disc 6. Simi- 
larly, the tracking signal T is converted by tracking 
error pre-amplifier 1 4 to a tracking error signal TE : 
which is applied to the actuator 13 in the optical,; 
head through a tracking servo circuit 15, for the 

35 purpose of maintaining proper tracking of the laser 
light with respect to the disc 6. 

Switches SW 1 and SW 2 of FIG. 1 are disc 
selection switches. When only switch SW 1 is 
closed, an erasable mode is entered in which the 

40 record and playback apparatus is only permitted to 
write on an erasable type disc. In this mode, a 
write-once type disc can not be written on, but may 
only be played back. On the other hand, when only 
switch SW 2 is closed, a write-once mode is en- 

45 tered in which it is possible to only write on a write- 
once type disc. In the write-once mode, erasable 
type discs can not be written on, but may only be 
played back. If switches SW 1 and SW 2 are both 
closed, a multi -function mode is entered in which 

so recording and playback are possible on both eras- 
able type discs as well as write-once type discs. 
Finally,, when switches SW 1 and SW 2 are both 
open, a playback only mode is entered in which 
writing is rendered impossible and both disc types 

55 can only be played back. Drive controller 2 moni- 
tors the status of these switches and therefore 
knows whether the record and playback apparatus 
has been set in the erasable mode, the write-once 

3 
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mode, the multi-function mode, or the playback 
only mode. 

FIG. 2 shows a cross sectional view and an 
expanded view of a disc 6 which may be utilized in 
the record and playback apparatus in accordance 
with a preferred embodiment of the present inven- 
tion. Disc 6 has a two-faced structure in which a 
thin film recording layer of either an erasable type 
or a write-once type is deposited on a substrate 16. 
A spiral-shaped track 17 is pre-grooved to a depth 
of X /8 (where X is the wavelength of the laser light) 
and a signal is recorded and reproduced along this 
pre-grooved track 17. 

FIG. 3 shows the allocation of regions of the 
discs used in accordance with a preferred embodi- 
ment of the present invention. The disc is divided, 
starting from the outer circumference thereof, into a 
test track area A, a control track area A, a manage- 
ment track area A, an alternation track area A, a 
user data area, an alternation track area B, a man- 
agement track area B, a control track area B and a 
test track area B. 

The test track areas A and B are areas which 
permit testing of the recording and playback perfor- 
mance of a disc by carrying out a test write on the 
disc. The control track areas A and B are the areas 
which are initially read for setting the operating 
conditions of the record and playback apparatus. 
An example of the information stored in these 
control areas is shown in FIG. 4. A control area 
consists of m tracks (for example, 64 tracks), with 
each track divided into n sectors. For example, the 
track A may have 17 sectors and the control track 
B may have 17 or 18 sectors. In each sector are 
provided an address signal ID and control data CD 
as convex and concave bits on the disc substrate 
16. The control data are identical throughout one 
circle of a track and as a track is updated, the 
control data is updated. The control data may des- 
ignate, for example, the type of disc (i.e. whether a 
disc is an erasable type or a write-once type, a 
type exclusively for playback, or a type which 
includes a combination of these features). 

In addition, the control data includes informa- 
tion about the recording and playback parameters 
required for operation of the disc. When an optical 
disc is inserted into the record and playback ap- 
paratus, the control data area is read, thereby 
informing the disc controller 1 of the type of disc 
which is currently in use, so that the recording and 
playback parameters corresponding to that particu- 
lar disc may be set. 

On management track areas A and a of FIG. 3 
is written data which indicates the fluctuations in 
recording and erasing sensitivity of the disc caused 
by manufacturing tolerances. Specifically, the cor- 
rection power required to compensate for a fluc- 
tuation is recorded therein. While discs of a par- 



ticular type are nominally identical, the recording 
and playback sensitivities vary from disc to disc 
due to fluctuations in manufacturing. Therefore, if 
data corresponding to sensitivity fluctuations spe- 

s cific to each disc is recorded on that disc, the 
power for recording and erasing may be corrected 
after this data is read and processed by the record 
and playback apparatus. This permits each optical 
disc to be irradiated with optimum power to com- 

w pensate for sensitivity fluctuations which arise dur- 
ing manufacture. 

The alternation track areas A and B are areas 
which may be alternatively used depending on 
defects in the disc. In the case of a write-once type 

75 disc, the disc is written on only once. Since only 
playback is performed thereafter, most defects of 
the disc arise during manufacture, and the number 
of defects is generally small. However, in the case 
of an erasable type disc, the same tracks are 

20 repeatedly used for recording and erasing. Gradual 
deterioration due to this repetitive cycling intro- . 
duces defects which add to the original defects 
present at the time of manufacture, and conse- 
quently the number of defects increases with time. 

25 Therefore, in the case of a write-once type disc, 
either alternation track area A or alternation track 
area B is used as an alternation track area, and the 
other is used as a user area. In the case of an 
erasable type disc, both alternation track areas A 

30 and B are generally designated and used as alter- 
native areas for data storage. As its name implies, 
the user track area is an area designated for the 
recording and playback of user data. 

After the disc controller 1 reads the control 

35 data and recognises whether the inserted disc is of 
a write-once type or an erasable type, recording 
and playback parameters appropriate to that type 
of disc are automatically set in the record and 
playback apparatus of the present invention. 

40 

Laser Power Irradiation Parameters 



FIG. 5 shows the recording and playback pa- 
rameters which pertain to an erasable type disc. As 

45 an example of an erasable type disc one may 
consider a phase-change erasable disc in which a 
reversible phase transition between an amorphous 
phase and a crystalline phase is utilized. FIG. 5(a) 
shows a typical laser power modulation waveform 

so for irradiating a phase-change erasable type disc. 
For example, regions on the disc corresponding in 
position to the peak power pulses P PE may be 
designated as a binary "1" of user data, whereas 
regions corresponding to a binary "0" may be 

55 formed by irradiating the erasable disc with the 
bias power level P B e* 

FIG. 5(b) is a schematic representation of a 
track on a disc prior to recording, whereas FIG. 5- 

4 



7 



EP 0 469 727 A1 



8 



(c) is a schematic representation of a track on a 
disc after recording. FIG. 5(d) indicates the 
playback signal from the track. 

With further reference to FIG. 5(a), the various 
laser power conditions for recording, erasing, and 
playing back a phase-change erasable type disc 
are shown. The laser power is generally controlled 
in 3 stages. The laser power for playback of signals 
recorded on the disc is at a read power level Pre, 
which, by way of example, is selected to be be^ 
tween 0.3 and 2.5 mW on the disc. The laser 
power for producing a crystalline state (the erased 
condition) on the disc is a bias power level P B e» 
which is selected, for example, to be between 3 
and 20 mW on the disc. The laser power for 
producing an amorphous state (the written con- 
dition) on the disc corresponds to a peak power 
level P PE , which is selected, for example, to be 
between 10 and 40 mW on the disc. 

The bias power and the peak power levels may 
be varied as a function of the radial position of the 
laser spot on the disc. Each power level may be 
adjusted in such a manner that it is higher towards 
the outer circumference of the disc and lower to- 
wards the inner circumference thereof. In addition, 
as to a pulse width T PE of the peak power irradia- 
tion, the pulse width is generally selected to be 
between about 20 and 50% of the period T min , 
which corresponds to the maximum frequency of 
the recording and playback signals. 

In the case of an erasable type disc, since the 
same tracks are repeatedly used for recording, 
thermal damage is of greater concern as compared 
to a write-once type disc. Therefore, as compared 
to a write-once type disc, the pulse width T PE of 
the peak power irradiation level P PE for an erasable 
type disc is selected to be small and is chosen in 
such a manner that thermal damage on the eras- 
able disc is minimized. 

During recording, and no matter what the con- 
dition of the track prior to recording (as illustrated 
in FIG. 5(b)), once the track is irradiated with laser 
power optically modulated as shown in FIG. 5(a), 
the areas irradiated with the bias power level P B e 
assume a crystalline state and the areas irradiated 
with the peak power level P PE assume an amor- 
phous state, thereby forming a recording track hav- 
ing a structure as shown in FIG. 5(c). In this man- 
ner, with the laser power optically modulated be- 
tween two levels (bias power and peak power) at 
the time of recording, previous data recorded on 
the disc is erased and simultaneously over-written 
with new data. This type of recording is possible 
by using a phase-change material as the recording 
layer in an erasable type optical disc. 

As shown in FIG. 5(d), a playback signal from 
the disc is obtained by s nsing the difference in 
reflectivity between amorphous and crystalline 
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areas of the track, since the reflectivity of an amor- 
phous area is generally lower than that of a cry- 
stalline area. In FIG. 5(d), the amorphous area may 
be designated as a binary T of user data. Since 

5 the binary w 1 " is recorded by changing from a 
state of high reflectivity (crystalline) to a state of 
lower reflectivity (amorphous), a low amplitude of 
the playback signal corresponds to written data in 
this erasable type disc. 

io FIG. 6 shows the recording and playback pa- 

rameters which pertain to a write-once type disc. 
As an example of a write-once type disc, one may 
use a phase-change recording material in which a 
phase transition from an amorphous state to a 

15 crystal state is possible only once. FIG. 6(a) shows 
an optically modulated laser power waveform for 
irradiating a write-once type disc. By way of exam- 
ple, recording may be performed whereby the po- 
sition of the peak power pulse corresponds to a 

20 binary "1" of user data. FIG. 6(b) shows an un- 
recorded track prior to recording, which is initially 
prepared in the amorphous state. FIG. 6(c) shows, 
the track after recording, with crystalline spots- 
formed to correspond to the written state or binary 

25 "1" of user data. FIG. 6(d) shows a playback signal 
from the track of FIG. 6(c). 

More specifically, FIG. 5(a) shows that the typi- 
cal laser power parameters for a write-once disc 
are controlled in 3 stages. The laser power needed; 

30 to play back a recorded signal from the disc is at a 
read power level P RW , which is selected to be, for: 
example, between 0.3 and 2.5 mW on the disc. For 
the write-once disc, the bias power P B w is selectedu 
to be lower than the read power P RW (for example 

35 0.4 mW) so that no recording results thereby. The 
laser power required to produce a crystalline state 
on the write-once type disc is a peak power level 
P PW , which is selected to be, for example, between 
10 and 40 mW on a disc. The peak power level 

40 P PW may be varied depending on the radial posi- 
tion of the laser beam on the disc, and is generally 
adjusted so that it is higher towards the outer 
circumference of the disc and lower towards the 
inner circumference thereof. As to the pulse width 

45 T PW of the peak, power level, the pulse width T PW is 
selected to be between about 10% and 50% of the 
period T min which corresponds to the maximum 
frequency of the recording and playback signal. In 
the case of a write-once type disc, since recording 

so is only performed once, the thermal damage is 
generally small in comparison to an erasable type 
disc. Therefore, as compared to an erasable type 
disc, the pulse width T PW of the peak power on a 
write-once type disc may be selected to be rela- 

55 tively large in value. 

As shown in FIG. 6(b), all of the unrecorded 
tracks on the write-once type disc are initially pr - 
pared in an amorphous state, and once the un- 

5 
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recorded track is irradiated with optically modu- 
lated laser power as shown in FIG. 6(a), the areas 
irradiated with the very low bias power level Ppw do 
not change (i.e. they remain in the amorphous 
state), whereas the areas irradiated with the peak 
power level Ppw transform to a crystalline state, 
thereby forming a recorded track as shown in FIG. 
6(c). Thus, by optically modulating the laser power 
between two levels (bias power and peak power), 
data may be written once on the disc. 

As shown in FIG. 6(d), a playback signal from 
the write-once disc is obtained by measuring the 
difference in the read laser power reflected from 
the disc, since the reflectivity of an amorphous 
area is lower than that of a crystalline area. In this 
example of a preferred embodiment, the amor- 
phous area is recorded and played back to cor- 
respond to a binary "1" of user data. Since a 
binary "1" of user data is recorded by changing 
from an amorphous state of low reflectivity to a 
crystalline state of high reflectivity, a high am- 
plitude of the playback signal corresponds to writ- 
ten data in the write-once type disc. 

If laser power parameters are selected in ac- 
cordance with the criteria shown in FIGS. 5(a) or 
FIG. 6(a), recording and playback of information on 
an erasable type disc or a write-once type disc 
becomes possible. The laser power parameters are 
controlled by the laser power control circuit 3 of 
FIG. 1. FIG. 7 shows a more detailed preferred 
embodiment of the laser power control circuit 3. 

With reference to FIG. 7, the laser diode 4 is 
controlled to provide the required power levels. A 
pin diode 18 is used to monitor the power output of 
laser diode 4. Signal RPC carries read power data 
by which the read power is determined, signal BPC 
carries bias power data by which the bias power 
signal is determined and signal PPC carries peak 
power data by which the peak power is deter- 
mined. Signals RPC, BPC and PPC are obtained 
from the drive controller 2 shown in FIG. 1. The 
three power data signals RPC, BPC and PPC are 
respectively converted into reference voltages VR, 
VB and VP by digital to analog (D/A) converters 19- 
21. Each of the above-mentioned reference vol- 
tages is compared with the monitor output from the 
pin diode 18 in differential amplifiers 22-23 respec- 
tively, the outputs of which are sent through analog 
switches 25-27 to a laser drive circuit 28 which 
drives the laser diode 4 to output the required 
power level. Analog switch 25 is closed by a PLY 
signal at the time when a read power level is 
required; analog switch 26 is closed by a BIAS 
signal when a bias power level is required; and 
analog switch 27 is closed by a PEAK signal at the 
time when a peak power level is required. 

In operation, when the record and playback 
apparatus is first powered up, a control track on the 



disc is read to determine the type of disc being 
utilized. If it is found that the disc is an erasable 
type disc, an optically modulated waveform, as 
shown in FIG. 5(a), may be obtained by outputting 

5 a signal RPC to generate the appropriate read 
power level Pre (e.g. from 0.3 to 2.5 mW) needed 
to playback information stored on the erasable type 
disc; or by outputting a signal BPC to generate the 
required bias power level P B e for erasable type 

10 discs (e.g., from 3 to 20 mW); or by outputting a 
signal PPC to generate the requisite peak power 
level Pp E for erasable type discs (e.g. from 10 to 40 
mW). Signals RPC, BPC and PPC are provided by 
drive controller 2. 

75 If during start-up the control track indicates that 

the disc is a write-once type disc, then an optically 
modulated waveform of the type shown in FIG. 6(a) 
can be obtained by outputting a signal RPC for 
generating the requisite read power level Pr W (for 

20 example, from 0.3 to 2.5 mW) for playback of a 
write-once type disc; or by outputting a signal BPC 
for generating the bias power level Pgw for write- 
once type discs (for example from 0 to 1 .0 mW); or 
by outputting a signal PPC for generating the peak 

25 - power level P PW (for example, from 1 0 to 40mW). 

The pulse widths T PE and T PW of the peak 
power level for erasable type discs or write-once 
discs, respectively, are obtained by converting the 
above-mentioned write data WTDT 2 to a pulse 

30 width selected by a pulse width control circuit 29, 
which is then applied to the laser drive circuit 28 to 
provide the desired optical modulation. The selec- 
tion of the pulse width is made in accordance with 
a PLS signal sent from the drive controller 2. In the 

35 case of an erasable type disc, a pulse width T PE of 
30 to 130 ns is selected, whereas in the case of a 
write-once type disc, a pulse width Tpw of 40 to 
130 ns is selected. 

As described above, the laser control circuit of 

40 FIG. 7 may be incorporated in the optical disc 
record and playback apparatus in accordance with 
the present invention. In operation, after a deter- 
mination is made by reading the control track data, 
as to whether an inserted disc is an erasable type 

45 disc or a write-once type disc, the laser power 
control circuit of FIG. 7 makes it possible to set the 
optimum recording and reproducing parameters for 
each disc. Specifically, the laser power control cir- 
cuit controls the switching of the laser power levels 

so between playback, bias and peak powers, and also 
switches the peak power pulse width to the appro- 
priate values, depending on the type of disc being 
utilized. 

55 Playback Parameters 



FIG. 8 shows a detailed block diagram of the 
signal processing circuit 10 (FIG. 1) used in the 



11 



EP 0 469 727 A1 



12 



optical disc recording and playback apparatus in 
accordance with a preferred embodiment of the 
present invention. 

As described before, the playback signal from 
an erasable type disc has a low signal amplitude 
indicating the presence of data (as shown in FIG. 
5(d)). whereas the playback signal for a write-once 
type disc has a high signal amplitude indicating the 
presence of data (as shown in FIG. 6(d)), because 
the polarity of the playback signal is different for 
these two types of discs. Additionally, since the 
reflectivity of an erasable type disc is generally 
higher than that of a write-once type disc, the 
amplitude* of the playback signal for the erasable 
typo disc is nigher. Therefore, in order to properly 
playtwwrk «MtN.*f type of disc, it is necessary to 
select trn r.<>L*#ity and the amplification of the 
playback s»';nai Trvese functions are performed in 
the aruiki-; (wocossor 10 of FIG. 1, shown in 

detail in f !f» H 

Wttn •••*.fMm-#. to FIG. 8, a playback signal 
RDDT i ♦ rtv- amplifier 9 (FIG. 9) is sent 

to a pf.-,tmf,tif**ff 30 Tno pre-amplifier 30 is de- 
signed »n si.i.n «i manner that it may select the 
polarity o* an a-npiitier contained therein as deter- 
mined by a POLARITY signal sent from the drive 
control^ 2 AVMionaiiy, an attenuation factor for 
the ampiitiot contained tnerein may be selected to 
be, for c» ample. 0. -2. -4, -6. and 26 dB, in re- 
sponse to the value of an REGAIN signal. In the 
case where a reading of the control track indicates 
that the d sc is an erasable type, the pre-amplifier 
30 behaves as an inverting amplifier and an attenu- 
ation rate may be selected to be, for example, -4 
dB. In the case where the disc being used is a 
write-once tyDC. the pre-amplifier 30 acts as a non- 
inverting amplifier and the attenuation factor may 
be selected to be. for example, 0 dB. 

The selection of the polarity and attenuation 
factor of the pre-amplifier 30 may also be used 
during playback of the address signal (ID signal) of 
each track. For example, the polarity and amplitude 
of an ID signal differs between an ID signal for a 
groove track 1 7 (shown in FIG. 2) having a depth of 
X/8 (where X is the laser wavelength), an ID signal 
for an on-land track having a depth of X/4 and a 
groove track ot depth X/'8, as used in an ordinary 
magneto-optical disc (MO) of the ISO (International 
Standard Organization). For example, in the case of 
a groove track, the above-mentioned polarity re- 
mains uninverted and the attenuation factor is set 
to 0 dB. In the case of an on-land track, the above- 
mentioned polarity is inverted and the attenuation 
factor may be selected to be -6 dB. During record- 
ing the gain of pre-amplifier 30 is held at -26 dB, 
thereby preventing the reflected light from saturat- 
ing the pre-amplifier 30. 

Whether the signal being played back origi- 
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nates from a user data section or from an ID signal 
section, can be determined from the IDS signal. 
The IDS signal is an address gate which is present 
only when an ID section is being played back. 

s The output of pre-amplifier 30 is sent to an 

equalizer 31. The characteristics of the equalizer 
31 are selected by an EQL signal so that an 
optimum equalizer level is selected for an erasable 
type disc or a write-once type disc. The output 

io signal from the pre-amplifier 30 is also sent to a 
comparator 32. Comparator 32 functions to detect 
the presence of unrecorded section on the disc, 
and operates in the following manner. If a playback 
signal is smaller than an envelope detection level 

75 V ENV , it is judged to be an unrecorded signal level. 
In this case, the gain of an AGC circuit 33 
(described more fully below) is clamped, and the 
data gate 39 is opened to prevent a noise signal 
corresponding to an unrecorded section of the disc 

20 from being output. In this manner, the playback 
signal processor circuit prevents noise correspond- 
ing to an unrecorded section of the disc from being, 
output. An optimum value for the signal Venv may 
be selected depending on an whether the disc 

25 being utilized is an erasable type disc or a write- 
once type disc. For example, in the case of an 
erasable type disc (for which the playback signal is 
relatively large), the signal V E nv is set to a relatively 
high value. On the other hand, in the case of a : 

30 write-once type disc for which the amplitude of the 
playback signal is relatively small, the V ENV signal 
is set to a lower value. 

Auto gain control (AGC) circuit 33 absorbs arrfc 
plitude differences which cannot be absorbed by 

35 the pre-amplifier 30 and outputs a signal of a 
certain amplitude. Differential circuit 34 is coupled 
to an inversion amplifier 35, from where a pulse 
signal corresponding to a binary "1 n of data is 
obtained. Envelope detection circuit 36, with about 

40 one half of the envelope-detected level as a thresh- 
old level, provides a gate signal to a comparator 37 
for selecting data "1 n . The threshold level may be 
varied by applying an external VVfy voltage to the 
comparator 37. Signal Vvfy is called a verify volt- 

45 age, and is used to play back a signal by intention- 
ally changing the threshold level immediately after 
recording of the signal, for determining whether or 
not the signal has been recorded in a sufficiently 
stable manner. 

so An optimum value for this verify voltage V V fy 

depends upon whether the disc being played back 
is an erasable type disc or a write-once type disc. 
For example, for an erasable type disc in which 
unerased signals may be generated, the verify volt- 

55 age Vvfy rnay be set low in comparison with a 
write-once type disc. If the above-mentioned pulse 
signal and gate signal produce an output at AND 
gate 38, the signal output therefrom becomes the 

7 
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read data signal RDDT 2. 

To summarize, the playback signal processor 
circuit of FIG. 8 may be used in the recording and 
playback apparatus in accordance with a preferred 
embodiment of the present invention. In operation, 
after determining from the control track data wheth- 
er an erasable type disc or a write-once type disc 
is being utilized, the playback signal processing 
circuit sets optimum playback conditions for each 
type of disc. Specifically, the playback signal pro- 
cessing circuit provides for the switching of the 
polarity and attenuation level of the playback signal 
(both data and ID signals), the detection and 
switching out of signals corresponding to unrecor- 
ded sections of the disc, the switching of appro- 
priate equalizer levels, verify voltage levels, etc. 

Servo Parameters 

FIG. 9 shows, in block diagram form, a pre- 
ferred embodiment of a servo circuit for providing 
focusing and tracking control in the record and 
playback apparatus of the present invention. 

Focus signals F+ and F- and tracking signals 
T + and T- are obtained from the optical detector 8 
in the optical head 5 (see FIG. 1). The above- 
mentioned signals are respectively input to servo 
amplifiers 40-43. The gain of each of the servo 
amplifiers 40-43 may be switched by an ERASE 
signal obtained from the drive controller 2. As 
explained with regard to FIGS. 5(a) and FIG. 6(a), 
the optical modulation waveforms for recording are 
different for an erasable type disc and for a write- 
once type disc. Therefore, the reflected light levels 
at the time of recording, and in particular, the 
signal levels of the F + , and F- and T+ and T- 
signais differ greatly depending upon whether an 
erasable type disc or a write-once type disc is 
being utilized. 

For example, although the read power level is 
1.5 mW for both types of discs, the bias power 
level P B e is 1 0 mW and the peak power level P PE is 
20 mW for an erasable type disc, whereas the bias 
power level P B w and the peak power level P PW are 
respectively selected to be 0.4 mW and 18 mW for 
a write-once type disc. If, for simplicity, we assume 
that the pulse width of the peak power level is 33% 
of the period of the maximum recording frequency 
signal for either of the two types of discs, then the 
average recording power for an erasable disc is 
about 13.2 mW, which is about 8.8 times that of 
the read power in the case of an erasable type 
disc. In the case of a write-once type disc, the 
average recording power is about 6.2 mW, or about 
4 times that of the read power. The factor of 4 in 
the case of a write-once type disc can be absorbed 
in an AGC circuit. How ver, the factor of 8.8 for an 
erasable type disc is too large to be absorbed by 



the AGC circuit. Therefore, in the servo circuit used 
in the record and playback apparatus of the 
present invention, the gain of each of the above- 
mentioned servo amplifiers 40-43 is reduced by 
5 about 1/2 to 1/8 by an ERASE signal only when 
recording on an erasable type disc, so that the 
signals will fail within the operating range of an 
AGC circuit. 

Servo amplifiers 40-43 are coupled as shown in 
10 FIG. 9 to differential amplifiers 44 and 45 and to 
summing amplifier 46. Automatic gain control 
(AGC) circuits 47, 48 maintain the output of each of 
the above-mentioned differential amplifiers at a 
constant level by dividing the signal output from 
75 the differential amplifiers 44 and 45 by a signal AS 
output from the summing amplifier 46. The output 
signal from the AGC circuit 47 provides a focus 
error signal FE which is sent to the focus servo 
circuit through an analog switch 49. 
20 Analog switch 49 is used during adjustment of 

the focus servo. To adjust the focus servo, an 
actuator 13 in the optical head is moved up and 
down in response to a focus on signal FCON. The 
analog switch 49 is closed by an output signal from 
25 a comparator 50 when the output from the differen- 
tial amplifier 44 exceeds the threshold level V F of 
the comparator 50. thereby providing adjustment of 
the focus servo. As explained, the reflectivity of an 
erasable type disc is different from that of a write- 
30 once type disc, with the reflectivity being higher for 
an erasable type disc as compared to a write-once 
type disc. Therefore, the above-mentioned com- 
parator level V F is different for each type of disc. 
For example, the level V F is set high for an eras- 
es able type disc and low for a write-once type disc. 
AGC circuit 48 generates a tracking error signal TE 
which is provided to a tracking servo circuit. 

With the servo circuit of FIG. 9 incorporated in 
the optical disc record and playback apparatus of 
40 the present invention, after a determination is made 
as to whether an erasable type disc or a write-once 
type disc is being utilized, it is possible to set the 
optimum focus and tracking conditions for each 
disCi Specifically, the servo circuit of FIG. 9 pro- 
45 vides for the adjustment of the amplification of the 
servo amplifiers at the time of recording, and for 
the adjustment of the comparator levels which con- 
trol the output of the focus servo. 

so Data Format 



FIG. 10(a) is one example of a data format 
recorded on a write-once type disc. Address sig- 
nals ID 1 and ID2 are written on the disc in ad- 
55 . vance, and ti sec after ID 1, recording starts with a 
SYNC 1 signal. SYNC 1 and SYNC 2 are identical 
signals, which are used for adjusting a phase 
locked loop (PLL) circuit during playback. In gen- 
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era!, to provide the SYNC 1 and SYNC 2 signals, 
the highest frequency signals are recorded, with 
the length of the SYNC 1 signal being, for example, 
12 bytes. Data mark 1 (DM1) is a signal for iden- 
tifying the beginning of the DATA 1 signal. To 
distinguish it from the SYNC 1 and SYNC 2 sig- 
nals, a signal of the lowest frequency is recorded 
to represent DM1. The signals DATA 1 to DATA m 
represent m blocks of user data, and at the begin- 
ning of each of these respective data blocks there 
are provided RESYNC signals 1 through m which 
identify the beginning of each of the data blocks. 

FIG. 10(b) shows resync gate signals for se- 
I cting the above-mentioned RESYNC signals and 
their corresponding data blocks during playback 
operation. To account for jitters of the disc motor, 
the gate signals have slightly larger widths (t2) than 
the widths of the RESYNC signals. 

FIG. 11(a) shows one example of a data format 
recorded on an erasable type disc. Address signals 
ID 1 and ID 2 are written on the disc in advance, 
and recording starts with the SYNC 1 signal. Here 
the recording start time for an erasable type disc is 
different from that of a write-once type disc. Since 
the same track is used repeatedly for recording the 
case of an erasable type disc, deterioration of the 
recording layer on which the same data patterns 
(i.e. the SYNC 1, SYNC 2, DM 1 and RESYNC 1 
through m signals) are recorded is accelerated. To 
reduce deterioration, the recording start positions 
are intentionally changed in a random manner so 
that the same signals are not repeatedly recorded 
on the same positions of the recording layer, there- 
by preventing the film from deteriorating. Specifi- 
cally, the starting position for recording the SYNC 1 
signal and its contiguous data block DATA 1 signal 
is randomly changed to fall in an interval between 
t3 and t3 + At, where At is randomly determined. 
Other sync signals and data blocks are recorded 
on the disc in the same manner. SYNC 1 and 
SYNC 2 are identical signals, and, as in the case of 
the write-once type disc, are used for adjusting a 
phase locked loop (PLL) circuit during playback. 

In general, the highest frequency signals are 
used to record the SYNC 1 and SYNC 2 signals, 
However, the length of the SYNC 1 signal on an 
erasable type disc is, for example, 20 bytes, and is 
longer in comparison to the length of the SYNC 1 
signal (12 bytes) for a write-once type disc. This is 
because the deterioration due to repeated record- 
ing on the same track is taken into account for the 
erasable type disc. 

With reference to FIG. 11(a), data mark 1 (DM 
1) is a signal for identifying the beginning of the 
DATA 1 block. The DM1 signal is also different 
from the corresponding signal for a write-once type 
disc. In the case of a write-once type disc, as 
mentioned above, in order to distinguish the DM1 



signal from the SYNC1 and SYNC2 signals, a sig- 
nal of the lowest frequency is recorded. In the case 
of an erasable type disc, however, a pattern that 
makes the temperature difference at the boundary 

5 between the regions where the DM 1 and the 
SYNC 1 and SYNC 2 are to be recorded as small 
as possible (when the same track is used repeat- 
edly for recording) is selected for the data mark 
(DM1) signal. If the temperature difference at the 

10 above-mentioned boundary is large, thermal stress 
accumulates with repeated recordings and it is 
possible that the recording film may deteriorate at 
that boundary. Specifically, for the data mark 1 on 
an erasable disc, use is made of a signal pattern 

75 having a high frequency which is as close as 
possible to the patterns of the SYNC 1 and SYNC 
2 signals. 

FIG. 11(b) shows resync gate signals for se- 
lecting the RESYNC signals during playback of an 

20 erasable disc. With an erasable disc, since data is 
recorded, as mentioned above, by randomly 
changing the recording start position by a random - 
interval of A t in the range between t3 and t3 + k 
A t, the resync gate signal must follow this pattern 

25 and be as wide as t2 + k A t. 

As described above, in the preferred embodi- 
ment of the record and playback apparatus of the 
present invention, after determining whether an 
erasable type disc or a write-once type disc is 

30 utilized (by reading the control track data), an opti- 
mum format for each type of disc may be set and* 
recorded. Specifically, the data format provides for 
adjustment of the recording start position, adjust- 
ment of the length of the SYNC signal, and the 

35 switching of various patterns for the data mark and 
resync gate signals, etc., in accordance with the 
type of disc being utilized. 

In the above embodiments, the identification of 
an erasable type disc or a write-once type disc is 

40 made by reading the control track data. Alternative- 
ly, it is also possible to make this identification by 
mechanical means, such as by detecting the pres- 
ence of a sensor hole positioned on a cartridge 
which houses the disc. 

45 Although the invention disclosed herein has 

been described with reference to particular em- 
bodiments, it is to be understood that these em- 
bodiments are merely illustrative of the different 
aspects and features of the invention. As such, a 

so person skilled in the art may make numerous modi- 
fications to the illustrative embodiments described 
herein, and other arrangements may be devised to 
implement the invention, without departing from the 
spirit and scope of the invention as disclosed and 

55 claimed. 

Claims 
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1. An apparatus for recording, erasing and play- 
ing back information encoded on a disc cor- 
responding to one of at least two disc types, 
each disc type requiring said apparatus to be 
set to different operating parameters, said ap- 
paratus comprising: 

a) means for identifying said disc type in- 
serted therein; and 

b) means for setting said operating param- 
eters to different values in accordance with 
said identified disc type. 

2. The apparatus of Claim 1 wherein said means 
for identifying said disc type includes means 
for processing identifying data stored on a 
control track of said disc. 

3. The apparatus of Claim 1 wherein said means 
for identifying said disc type determines the 
presence of an identifying mark on a housing 
in which said disc is enclosed. 

4. An apparatus according to any one of Claims 
1-3, being an apparatus which utilizes a laser 
for optically recording, erasing and playing 
back information encoded on a said disc and 
wherein said disc types are respectively an 
erasable type disc or a write-once type disc. 

5. An apparatus according to Claim 4 further 
comprising a laser power control means for 
changing the operating parameters of said la- 
ser in accordance with said identified disc 
type. 

6. An apparatus according to Claim 5, wherein 
said laser power control means includes 
means for setting the read, erase and write 
power levels of said laser in accordance with 
said identified disc type. 

7. An apparatus according to Claim 6, wherein 
said laser power control means further in- 
cludes means for controlling the pulse width of 
said laser in accordance with said identified 
disc type. 

8. An apparatus according to any one of Claims 
4-7, further comprising playback signal pro- 
cessing means for controlling the playback pa- 
rameters of said apparatus in accordance with 
said identified disc type. 

9. An apparatus according to Claim 8, wherein 
said playback signal processing means in- 
cludes means for changing the polarity and 
amplitude of a playback signal in accordance 
with said identified disc type. 



10. An apparatus according to Claim 9, wherein 
said playback signal processing means further 
includes means for changing the polarity and 
amplitude of said playback signal, depending 
5 upon whether said playback signal is an ad- 

dress signal or a data signal. 

11- An apparatus according to Claim 9 or 10, 
wherein said playback signal processing 
w means changes equalization of said playback 

signal in accordance with said identified disc 
type. 

12. An apparatus according to any one of Claims 
75 8-11, wherein said playback signal processing 

means includes an envelope detection means 
for determining the presence of an unrecorded 
section on said disc wherein an envelope de- 
tection level is set in accordance with said 
20 identified disc type. 

13. An apparatus according to any one of Claims 
8-12, wherein said playback signal processing 
means changes a threshold level for determin- 

25 ing the digitization of said playback signal in 

accordance with said identified disc type. 

14. An apparatus according to any one of Claims 
4-13, further comprising servo circuit means 

30 for providing focusing and tracking control of 

said laser with respect to said disc. 

15. The apparatus of Claim 14 wherein said servo 
circuit means includes a servo amplifier in 

35 which the gain thereof is determined in accor- 

dance with said identified disc type. 

16. The apparatus of Claim 14 or 15, wherein said 
servo circuit means sets a comparator level for 

40 providing said focusing control in accordance 

with said identified disc type. 

17. An apparatus according to any one of Claims 
1-16, further comprising data format means for 

45 setting the format of said information encoded 

on said disc in accordance with said identified 
disc type. 

18. The apparatus of Claim 17 wherein said data 
50 format means randomly changes the start posi- 
tion for recording of said information when said 
disc inserted in said apparatus is identified to 
be an erasable type disc. 

55 19. The apparatus of Claim 17 or 18 wherein said 
data format means provides a data format in 
which said recorded information is encoded 
into a plurality of data blocks haying resync 
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signals separating each of said blocks, said 
data format means setting a gate signal for 
selecting said resync signals wherein the width 
of said gate signal is set in accordance with 
said identified disc type. 

20. The apparatus of Claim 19 wherein the width 
of said gate signal for selecting said resync 
signals is set to be wider for an erasable type 
disc than for a write-once type disc. 

21. The apparatus of Claim 19 or 20 wherein said 
data format further includes sync signals at the 
beginning of said data blocks, and said data 
format means sets the length of at least one of 
said sync signals to be greater for an erasable 
type disc than for a write-once type disc. 

22. The apparatus of any one of Claims 19-21 
wherein said data format further includes a 
data mark signal at the beginning of said data 
blocks for synchronizing the playbck thereof, 
and wherein said data format means sets the 
average frequency of said data mark signal 
higher for an erasable type disc than for a 
write-once type disc. 

23. The apparatus of any one of Claims 19-22 
wherein the size of alternative areas on said 
disc for recording user data is set to be greater 
for an erasable type disc than for a write-once 
type disc. 



29. A disc onto which optical power is incident to 
record or reproduce information, said disc 
comprising data representative of the optical 
sensitivity of said disc prerecorded thereon, 

5 said data being capable of being utilized to 

adjust said optical power during recording of 
said information. 

30. An apparatus in which optical power is incident 
io on a disc for optically recording information 

thereon, said disc having data representative of 
the optical sensitivity of said disc prerecorded 
thereon, said apparatus comprising: 

(a) means for detecting said data and pro- 
75 ducing signals indicative of the optical sen- 
sitivity of said disc; and 

(b) means responsive to said signals for 
adjusting optical characteristics of said ap- 
paratus during recording of information on 

20 said disc. 

31. A system for optically recording, erasing and 
playing back information comprising: 

(a) a disc onto which optical power may be 
25 applied to record information thereon, said 

disc having data representative of the op- 
tical sensitivity of said disc prerecorded 
thereon, and 

(b) means responsive to said data for set- 
30 ting the operating characteristics of said 

system in accordance with said prerecorded 
data. 



24. An apparatus as claimed in any one of Claims 
1-23, further comprising selectable switch 
means for selecting and setting the operating 
modes of said apparatus. 



32. The system of Claim 31, wherein one of said 
35 operating characteristics is the optical power 

incident on said disc during recording. 



25. The apparatus of Claim 24 wherein said selec- 
table switch means enables an erasable op- 40 
erating mode in which said apparatus is only 
permitted to write on an erasable type disc. 

26. The apparatus of Claim 24 or 25 wherein said 
selectable switch means enables a write-once 45 
mode in which writing is only permitted on a 
write-once type disc. 

27. The apparatus of any one of Claims 24-26 
wherein said selectable switch means enables 50 
a multi-function mode in which recording and 
playback are permitted on erasable type discs 

as well as write-once type discs. 

28. The apparatus of any one of Claims 24-27 55 
wherein said selectable switch means enables 

a playback-only mode in which writing is dis- 
abled. 
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